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ABSTRACT
As the human population increases and industrialization expands and diversifies, the
problem of the pollution of the environment becomes more critical. The seas and
oceans, which cover over 70 % of the world's surface and offer one of man’s great
hopes for firture food supplies, are not exempt from the menace of pollution.
Pollution problems mount as use of the sea for commerce grows with the ever­
increasing size and variety of cargo ships and tankers, with the use of the sea-bed for
mineral extraction and the threat of oil pollution to the marine environment from
deliberate or accidental release.
This dissertation is a study of the various aspects of oil pollution in the Bahrain
marine enviromnent focusing on marine transportation. The purpose of this study
falls into three areas. ~
The first purpose is to educate the people of Bahrain to understand their environment
and how the various components of it depend on and react with each other. In this
respect the importance of the marine environment on their daily activities and for
future generations is emphasized. Also, the implication of oil pollution with regard to
marine resources, the economy and public health is shown.
This dissertation highlights the main and potential sources of oil pollution in and
around Bahrain with emphasis on marine transportation. In addition, the national oil
spill response capabilities are explored and analyzed. Furthennore, Bahrain legal
system is examined to determine if it is capable of providing adequate and proper
relief to the marine interests of the county. The deficiencies in the legal system as
related to marine enviromnent protection are outlined and discussed.
Finally, proposals and recommendations are made to improve the safety of
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1.1 1ntr.o.d.us;tis2n
The Earth supports not only humanity and all other living species, it also provides the
natural resources from which much of man’s basic needs have been met over the
centuries. With the passage of time, man’s control and dominance over his
environment has undergone profound change. Among the many changes that have
occurred, the most significant have been in the area of social re-organization,
technological advancement and aggressive cultural self-awareness. Collectively,
these areas of change have been realized at great expense to the environment. Since
man no longer needs to interact with the environment in the same way that his
forefathers had to, his perception of the nature of the enviromnent has changed
accordingly.
So excessive were the demands being placed on the environment that concerned
persons from all walks of life soon began to appreciate that the ability of the Earth’s
enviromnent to recover itself was being severely threatened. Based on this awareness
of the Earth’s inherent limitations, there is the realization that man’s paramount
responsibility ought to lie in the need to manage intelligently in order to protect and
conserve this precious resource. However, before we can manage or protect our
enviromnent we must first understand it.
This chapter will seek to explain the significance of pursuing a sustainable
‘environment, the major components of that environment with emphasis on the
marine environment and the interrelations that result naturally between the different
components.
1.2 Ihg_E_a11h
The Earth is probably only one of many billions of planets in the universe on which
the conditions necessary for the development of life were met. The compositions of
the crust, the atmosphere, and the oceans have not only determined the course of
biological evolution but have themselves been affected by life processes
(Bartholomew 1991).
Life on earth depends on the delicate balance between the environments which have
evolved and to which life has adapted. Thus, if one part of an ecosystem is changed
or disrupted, it affects the others. It follows from this that human action has an effect
on the Earth’s natural environment and that the consequences often go beyond what
we immediately perceive. Human activities affect those enviromnents seriously by
increasingly introducing large quantities of pollutants into the enviromnent. As
human populations grow and industrialization increases and diversifies, the problem
of the pollution of the Earth environment becomes more critical. As our use of
technology and levels of consumption have increased, we have come to realise that
the Earth is a fiagile planet.
1.3 Environment
The word environment has a very broad meaning. But for the purpose of this
dissertation a definition has been obtained from a number of dictionaries to give a
wide understanding of the meaning.
The-term Environment applies to all conditions surrounding an individual, which are
not part of the person, plant or animal itself. The physical environment encompasses
such things as geographical and chemical conditions, the latter including the
composition of the air, the conditions of food and many other factors. There is also 3
social environment in human populations in which one individual influences another
and each individual is influenced by the customs and institutions of his society. In
general, enviromnent is the aggregate of surrounding things.
To clarify the picture more for the reader, the four most important systems of the
environment should be identified. They are the atmosphere, hydrosphere, lithosphere
and the biosphere.
1.3.1 Atmosphere
The atmosphere is a fluid system of gases and suspended particles which
forms a gaseous envelope around the Earth (Steven et al., 1992). The atmosphere,
which is retained on the Earth by gravitational attraction and a large measure
rotates with it, is a system whose chemical and physical properties and fields of
motion constitute the subject matter of meteorology. The changing atmospheric
condition which affects the environment, particularly temperature, wind, humidity,
cloudiness, and precipitation, constitute weather; and the combination of these
conditions over a period, determines the climate at any place (Parker 1980). The
atmosphere is a vast chemical soup of molecules interacting with each other and also
is affected by photochemical reactions driven by solar radiation (Steven et, al., 1992).
The gases trapped in the atmosphere make our planet habitable. Oxygen sustains life.
Carbon dioxide, a by-product of that same life, regulates the temperature through the
greenhouse effect. Ozone helps protect life from damaging ultraviolet radiation.
1.3.2 Hydrosphere
Approximately 74% of the Earth’s surface is covered by water, either in
liquid or solid state. These waters, combined with minor contributions fi'om ground
waters, constitute the hydrosphere (Parker 1980). The hydrosphere includes the
oceans, seas, lakes and rivers. The oceans and seas are made up of water, crystalline
rocks and dissolved minerals which have been carried down into them from the land.
The circulation of the waters of the hydrosphere results in the weathering of the land
masses. The large evaporation of water fiorn the oceans and from land areas results
.in a precipitation on the ocean and land. The rainwater falling on the continents,
partly taken up by the ground and partly by the streams, acts as an erosive agent. It
may also carry with it pollutants from land before returning to the seas (run-off
pollution).
1.3.3 Lithosphere
The lithosphere is the solid part of the Earth, that comprises the crust and the
upper mantle. The crust constitutes chemical elements from which the minerals and
rocks of the lithosphere are composed. These elements are the basic nutrients from
which plants and other micro organisms produce their food (Afful 1990). Rocks
formed fi'om these elements are broken down by weathering into small particles
which it mix with organic compound coming from death or excreted from living
organisms. This mixture is called the soil. The soil system supports the life of plants,
micro organisms and animals which make up the land-based biomass.
1.3.4 Biosphere
The biosphere is the part of the world in which life can exist including parts of
the lithosphere, hydrosphere, and atmosphere. It consists of all the living organisms
together with their environment. It is not only the transition zone characterized by
life but also by the dead and decaying remains of what was once alive (Afflll 1990).
These remains may accumulate on the land surface, be incorporated into the
uppermost part of the lithosphere, or in aquatic and marine environment “Rain down"
to the bottom to decay or to increase the accumulation of sediment. The biosphere
consists of complex, self-sufficient units or ecosystems within which a certain
equilibrium is maintained through ‘interactions between communities of plants,
animals and other organisms and the chemical and physical elements of their habitat_
The systems which were briefly discussed and explained above are actively
interacting with each other. Not a second passes without some form of energy
transfer occuning between them (Parker 1980). To give an example, a typical sea
consists of a large number of different organisms, both plants and animals, each
represented by a population of individuals. These organisms form a complex marine
community growing and living together making up one environment which is called
the Ecosystem. The interdependence is a very important part in the daily life and in
the continuity of life of the living things in this system. Therefore, a change in one
system or group will have an effect on the other system.
Most ecosystems possess a degree of stability and resilience, that is the capacity to
withstand enviromnental stresses. Pressed beyond certain limits, stresses can no
longer be absorbed and an ecosystem may change to a different configuration which
might not support the organisms surrounding.
It is obvious that to deal with problems relating to the environment, the component of
these enviromnents, as well as how they function, and the interrelationships of all
these components must be studied in greater detail.
1-4'
The marine environment provides about 300 times more inhabitable space for living
organisms than that provided by land and freshwater combined (Berman, 1995).
The plant growth in the ocean is limited to the near-surface regions because light
does not penetrate very far in seawater (varies with time of day, season, and the
weather), and is further limited by the low concentrations of essential nutrients (e.g.,
nitrate and phosphate) that are present at these depths. Because almost all life in the
sea depends directly or indirectly on plants, the total plant production at the surface
determines the amount of animals that can be produced (Bennan, 1995).
The vertical gradients in environmental parameters (e.g., light, temperature, pressure)
establish depth ranges with distinctive environment characteristics. There are three
ecological zones which have been defined, based on the penetration of light in
seawater. The euphotic zone is that region where light is sufficient for the growth of
plants and it extends from the surface to a maximum of about 150m in the clearest
ocean water. The lower boundary is defined by the compensation depth, where only
enough light is present for photosynthesis to balance plant respiration over 24 hours.
The disphotic zone is dimly lit; there is sufficient light for vision but too little for
plant reproduction. The deepest and largest zone is the aphotic zone, a region of
darkness extending to the seafloor.
Every region has different marine environments characterized by the patterns of
ocean surface current movements and the mixing of these currents. This produces
geographic regions of differing biological productivity. Also the horizontal transport
of water establishes the geographic distribution of many marine species (Berman,
1995).
1.5‘mm
The oceans cover over 70 % of the planets surface, and they play a considerable role
in maintaining life and 5uPP°1'tinBthe 5YSt¢mOf this planet. The ocean is crucial for
moderating the planet's climate, and sustaining animals and plants, including minute
oxygen-producing phytoplankton. They also provide protein, energy, transportation,
employment, recreation and many other economic, social and cultural activities.
One of the most important roles the oceans play is providing the ultimate sink for the
by-products of human activities. They act as huge, closed tanks, receiving wastes
fi'om cities, farms and industries via sewage outfalls, dumping from ships, coastal
nm-off, river discharge and even atmospheric transport. The growth of the world's
economy, the flourishing demand for food and energy, and accumulating discharge
of wastes have begun to press against the bountiful limit of the oceans.
Pollution problems mount as populations move to the coasts seeking the amenities
and recreational opportunities of the sea shore, as well as the convenience and
advantages to be found there for certain kinds of industry. The direct release of
noxious and harmful products into the ocean from such activities becomes more
acute every day.
The oceans are marked by a ftmdamental unity from which there is no escape. The
interconnected cycles of energy, climate, marine living resources, and human
activities move through coastal water regional seas, and the closed oceans. Any
pollution or discharge into the ocean or the sea does not stay contained with one
nation area, but passes through the movement of the ocean ( waves, cun'ents....etc.)
from nation to nation, and through complex food chains from species to species,
distributing the burdens of development, if not the benefits, to both rich and poor.
Next chapter will discuss the properties of oil and what happens to the oil when
released into the sea water. It will also explain the condition which might influence
the oil or the impact of oil on the marine environment. In addition, the sources of oil
pollution in general will be discussed.
2.1 Intr.o.dus'.tinn
Petroleum is formed from the organic remains of dead organisms occurring over
different periods in the Earth's history. The transformation product of fossil ( often
marine) organisms, is a liquid mixture found underground, of many thousands of
organic compounds amongst which hydrocarbons predominate (Gerlach 1981).
These organic compounds have been preserved in fossil form until the present day in
places where the absence of oxygen has prevented their decomposition. The
composition and quality of petroleum depends upon the source materials, the history
of pressures and temperatures during fonnation, the structure and chemical
composition of source rocks, and the migration to, and the conditions in, reservoirs
(Gerlach 1981).
In general, oil is not a single substance but a complex mixture of a great many
individual chemicals. Crude oil contains thousands of compounds, and refined oils
such as kerosene or gasoline consist of rather simple mixtures . With such a complex
mixture, many of the environmentally significant properties such as toxicity,
solubility, and viscosity vary considerably from oil to oil , making the task of
predicting effects on the marine environment very difficult.
Also] when oil is released into the sea it undergoes a number of changes including
physical and chemical. In order to respond effectively to oil spills these changes
must be understood. This chapter will focus on the fate of oil and the changes it
undergoes when entering the sea. Also, the sources of oil pollution in general will be
discussed with particular emphasis on marine transportation.
2.2nm
Although the particular composition of a crude oil in its natural reservoir may be
stable over geological time spans, its composition changes once it is exposed to
water, oxygen, sunlight, micro-organisms, and other factors. The oil undergoes a
number of physical and chemical changes, some of which lead to its disappearance
from the sea surface, while others cause it to persist. Although spilt oil is eventually
assimilated by the marine environment, the time involved depends upon such factors
as the amount of oil spilled; its initial physical and chemical characteristics; the
prevailing climatic and sea conditions and whether the oil remains at sea or is washed
ashore. The physical and chemical changes which spilled oil undergo are sometimes
collectively known as weathering. Although the individual processes which bring
about these changes act simultaneously, their relative importance during the lifetime
of an oil slick varies. These differences are shown schematically in Figure 2.1.
The lcnowledge of the processes involved, and how they interact to alter the nature
and composition of the oil with time is valuable in preparing and implementing
contingency plans for oil response.
Fig 2.1
Time- course of factors affecting oil spilled on the sea
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(Source: Marine Pollution, 2nd edition, I 989)
2.2.1 Spreading
When liquid oil is spilled in the sea, it immediately starts to spread over the
surface of the water. This spread results due to the gravitational forces pulling on the
oil and forcing it to spread over the water. The rate of the spread and thickness of the
film depends on the amount of oil spilled, the temperature of the oil and the
surroundings, nature of the oil and the hydrographical conditions such as currents,
tides and winds. Thus, a light oil spreads faster and to a thinner film than a heavy
waxy oil (high viscosity) (Gerlach 1981). The spreading process may be quite rapid;
one ton of Iranian crude oil has been observed to spread to a slick of 48m diameter
and 0.1 mm thickness within 10 minutes. Also an instantaneous spill of a large
amount of oil spreads more quickly than small amounts of slow discharging spills. If
the quantity is small , an oil film fonns that reflects the color spectrum. 100-200
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liters of oil are sufficient to cover 1 square kilometer of sea surface with a film which
is about 0.1 pm thick (Clark 92). The spread of an oil slick on the sea surface is a
rapid and dominant process at the time of the release; it decreases slowly and steadily
until it has essentially stopped within hours or days, it depends on the quantity
spilled. At a latter stage the oil slick starts to break up to form narrow bands.
Further spreading continues due to the wind, waves, tidal current and other physical
influences.
The pour point of oil (the minimum temperature at which oil will flow) and the
surrounding water temperature, play important roles in the rate of spreading of an oil
slick. Oil spilled at a temperature below the pour point will spread very slowly,
while oil spilled at a higher temperature than the pour point spreads relatively fast.
2.2.2 Drift (Movement)
The drifi or movement of the center of a mass of oil on the surface of the sea
is caused by the combined action of wind, surface currents, waves and-tides. As the
thick portion of the slick drifis faster than the thin portion, a heavy oil accumulation
forms the leading edge of an advancing slick (Exxon Corporation 1985). The drift
process is always active from the moment when the oil is released into the sea until
the oil disappears from its surface. Since the oil slick moves with the water currents
and wind this makes it possible to predict its drifi. The drift of an oil spill is of
ecological significance as it reduces the concentration of toxic oil components
released in one area (GESAMP 1993).
2.2.3 Evaporation
Evaporation is the primary weathering process involved in the natural
removal of oil from the sea and is particularly dominant soon after oil is released. It
involves the transfer of hydrocarbon components from the liquid oil phase to the
vapor phase.
Estimates from major spills as well as experimental data indicate that evaporation
may be responsible for the loss of up to 50 percent of surface oil slick volume during
its life (Exxon Corporation 1985). The volatility of the components of spilled oil is
the main factor in determining the rate of evaporation of the oil. The more volatile
the components, the higher the rate of evaporation. Evaporation of an oil slick is
strongest during the first few hours of the spill and is reduced with time (see Fig
2.1). This explains that, oil spills of crude can only catch fire in a certain specific
period of time when there is enough amount of vapour compounds in the layer of oil
spilled.
The initial spreading rate of the oil increases the surface area of the oil slick, thus
accelerating the rate of evaporation. The evaporation rate of oil at sea is determined
by wind velocity, water, air temperature and sea rouglmess. For example, when it is
cold only a relatively small quantity of oil vaporizes. Wave activity causes faster
vaporization, but at the same time leads to the more rapid formation of water-in-oil
emulsion and oil no longer floating on the surface carmot vaporize either. It is
important to know that some of the light low-boiling hydrocarbons, such as benzene
or toluene, which are rapidly lost through evaporation, are among the most toxic
components in oil. Thus, their removal through evaporation decreases the toxicity to
marine life of the oil remaining on the sea surface.
The vaporization process could extend over a period of months, possibly years, and
eventually leads to more viscous and in the end, tar-like clumps.
It is important to note that an evaporating oil slick may contribute to air pollution
(atmospheric pollution). This portion of pollution may then find its way to the ocean
by rain or other precipitation.
2.2.4 Dispersion
Wave and turbulence at the sea surface act on the slick to produce droplets
with a range of sizes. Some droplets remain in suspension while the larger ones rise
back to the surface. In natural dispersion, small droplets of oil are incorporated into
the water in the form of a dilute oil-in-water suspension. The small droplets remain
suspended in the water and mix with the water colurrm. In doing so they increase
their surface area thus enhancing further other natural processes such as
sedimentation and biodegradation (INTERTANKO 1986). The large droplets may
rise back to the surface and combine with other droplets to form a slick or spread out
in a very thin film.
Oil dispersion is influenced by oil composition (wax and asphaltene contents),
density, viscosity, oil water interfacial tension and water turbulence. Also, the slick
thickness, which is related to the amount spilled and the degree of spreading, is an
important factor in the rate of dispersion since smaller droplets are produced from
thin films (INTERTANKO 1986).
Chemical dispersants may be applied to an oil slick to enhance the natural dispersion
process. The primary purpose for removing oil from the surface through dispersion
is to enhance the degradation process. The increase in the surface area of dispersed
oil droplets accelerates the degradation of the oil which may reduce the threat of
floating oil stranding on the shoreline where it can damage biota and property.
2.2.5 Emulsification
Besides oil-in-water emulsion being formed, also water-in-oil emulsions take
place. This is the process in which water is incorporated into the floating oil. Such
emulsions, which may contain from 20 to 80 per cent water are oflen very viscous
brown colored and referred to as “chocolate mousse” (Exxon corporation 1985). For
example, North Sea oil absorbs up to 80% water within 7 hours from being spilt
(Gerlach 1981). The mousse’s formation is highly dependent upon oil composition;
high levels of asphalt-type compounds, as well as waxes, appear to promote the
formation of these emulsions (Exxon Corporation 1985).
The sea state, especially when foam and spray is generated, also accelerates mousse
formation, although a fully developed stable emulsion may be formed with some oils
under relatively quiescent open water conditions.
2.2.6 Sedimentation
Sedimentation involves the association of oil with sediments on the seafloor
or with sedimentary particles suspended in the water column. Some residual fuel
oils, have a density very near to or higher than seawater, and are expected to sink
immediately. However, most oil floats because it has a lower density than sea water.
The floating oils can only sink in sea water if sediment particles or organic matter
adhere to them. The association of oil with suspended sediment particles can cover a
range of sediment type, including shells, clay, sill and sand. -This mechanism is
enhanced under shallow, rough sea conditions where bottom sediments are
resuspended.
2.2.7 Biodegradation
Biodegradation is another important process for removing petroleum
hydrocarbon from the marine environment. Some marine bacteria, yeasts and
moulds can utilize oil as a source of carbon and energy. The efficiency of these
bacteria depends on a number of environmental factors, the physical form of the oil
greatly affecting the rate of breakdown of hydrocarbons. Tar balls, slicks and
mousse are less degrading, mainly due to the surface area relationship (Leahy and
Colwell 1990). Also, temperature, oxygen concentration, nutrient, salinity, pressure,
water activity of sediments all affect the rate of biodegradation (Leahy and Colwell
1990)
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Low temperature environments often, but not always, have slow microbial responses
to the exposure to petroleum, but such limited rates of biodegradation of
hydrocarbons are due as much or more to the availability of nutrients (GESAMP
1993).
2.2.8 Oxidation
The exposure of oil to air and sunlight in a slick with a large surface area
leads to photochemical oxidation (photooxidation). The extent and rate of oxidation
depends on the form in which the oil is present in water. A thin layer or small
-droplets of oil will be oxidized much more readily than thick layers or large droplets
or emulsion (INTERTANKO 1985). The process is dependent of the intensity of
sunlight, temperature, and the chemical composition and the physical state of the oil
on the water surface. The oxidation process leads to some hydrocarbon molecules
being oxidized to form persistent tars. Hence, oxidation may aid in the weathering
process of spilt oil in one way and worsen the condition by forming the persistent tar,
which could have long-lasting effects on some marine organisms. Overall, the net
effect of oxidation in the weathering process may be minor.
2-3 Marinsztnflntinn
A popular conception of pollution is ‘the wrong amount of the wrong thing in the
wrong place at the wrong time’. Fundamentally this definition is correct, but it is not
a helpfiil one when attempts are made to control pollution because it is too vague for
legislative purposes.
The most widely accepted definition of marine pollution is the one devised by the
United Nations Joint Group of Experts on the Scientific Aspects of Marine Pollution
(GESAMP). This states that marine pollution is the:
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Introduction by man, directly or indirectly, of substances or energy into
the marine environment (including estuaries) resulting in such deleterious
effects as harm to living resources, hazards to human health, hindrance to
marine activities including fishing, impairment of quality for use of sea
water and reduction of amenities.
This definition is now widely incorporated into both national and international
marine pollution control legislation. Implicit in this definition is the concept that
there is a distinction between contamination, in which concentrations of a substance
are elevated above natural levels without measurable effect, and pollution, in which
concentration is elevated to the point that harmful effects may be observed. This
distinction is useful because it provides a criterion by which the seriousness of a
problem may be reasonably assessed and by which a legal control may be
implemented. However, neither action, pollution nor contamination, is desirable, but
there are major differences in scale in the oceans ability to withstand the two
actions.
The ability of the oceans to absorb waste without harm is largely depend on such
factors as the toxicity of the waste to marine organisms, the quantity discharged, and
the nature of the receiving enviromnent. In practical tenns the procedures for
detennining which, if any, wastes and quantities may be discharged to the oceans are
determined by international conventions, such as MARPOL. Some countries have
taken a wider view that no oily wastes at all should be discharged into their marine
enviromnent. Other countries, however, have no regulations nor monitoring scheme
for protecting their marine environment.
In examining marine pollution, value judgments of marine pollution or any other
pollution, the following factors, according to Clark (1992), should be considered ;
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0 What kind of materials are discharged into the seas or estuaries or
otherwise get there as a result of human activities?
0 What effect do these additions to the sea have on the marine or
estuarine environment and the plants and animals living there?
0 What implications do these effects have for human health, food
resources, commercial interests, amenities, wildlife conservation, or
ecosystems in general?
0 What is being done, can be done, or should be done to reduce or
remove the damaging or undesirable effects of these additions to the
marine environment?
0 What would be the consequences of not releasing these materials to the
sea and would such consequences be better or worse than the existing
situation?
2-4mm
Too much oil at any one time or in any one place can be detrimental to marine life
and can be aesthetically unpleasant. It is, therefore, in order to control or prevent oil
pollution, very important to know where this oil comes from and how it enters the
marine environment. Fig 2.2 shows the percentage of oil input into the sea from
different sources.
Peuoleum hydrocarbons (oil) enter the marine environment from a variety of
sources, both through natural phenomena and human activities. The inventory in
table 2.1, shows the various sources and quantity of peuoleum hydrocarbon inputs
into the marine environment, it was issued by the United States National Academy of
Science in 1975 and 1985.
